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Microbiologically

influenced corrosion

of pilings
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Sheet piles, used as reranmy walls,
wharts, and picrs, are typically made of
unprotectad carbon stedd (CS). This tpe
1s attordable and the general corrosion
rate {wastage) 1s predictable. Despite
the long and suceesstul use of CS shect
pilings, there are reports of locabseld
corroston of CN prlings that have been
identificd as microbiolosically intluencad
corrosion {(MIC}Y 1¢. corrosion that is
aresult of the presence and activitics of
microoryanisms. Microorzanisms can
procuce locahised attack meluding pitting,
cnhanced croston corrosion, enhanced
galvanie corrosion, stress corrosion
eracking, and hvdrogen crbritlement
ol CS. Microorzanisms do not produce a
unique corrosion morphology in CS that
could not be produced abioticallv?

Corrosion of pilings in marine
and estuarine environments
Accclerated low water corrosion LALWEY
is a particularly aguressive Torm of
localised corrosion that has become
a high profile problem, associated
with unusually hizh corrosion rates of
unprotected or inadequatcely protected
CS pilings in marine and cstuarine
watcrs, The UK Instumtion off Civil
Enuincers deseribed ALWC as ™2 natter
of muonalimportanee™#

ALWC 15 a global phenomenon having
been reported moall climatic conditions
on unprotected steel pilings in contact
with saline water {1e. scawater and
brackish water) that is subject to tisdal
intluences.™ A survey of port and harbour
authoritics in five Western Furopean
countrics concluded that at least 13
percent of the ports were afteeted by
ALWCH

The term ALWC docs not deting
a corrosion mcechamism. Instcad the
term denotes the precise locanion of the
corroston on the exposed pilings (sc¢

ftec! States

I'ure 1), Average corroston rates my the
range of 0.3 to 1.2 millimetres per side
per vear have been reported, ALWC has
a chstinet appearance, patches ot ightly
adherent, bright orange and black (iron
sulphide richy deposits over a clean,
shiny and pitted steel surface

As pits decpen and become more
numerous, they overlap, producing
terraced holes. Corrosion products
contain magnetite, won sulphides,
and green rust fan unstable iron oxv-
hydroxide sulphate complex).
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Mechanisms and mitigation

A report by Gehrke and Sand concluded
that ALWC was duc to the combimation
of sulphate-reducing bacteria (SRB)
and sulphur oxidising bacteria {(SOB) in
the touling lavers on the pilings™ The
organisms co-populate the same spatial
regions on the pilings. At low nde the
biofonling laver is oxvgenated whereas
at high tide anacrobie arcas develop
Sulphides prenduced by SRB are converted
to sulturic acid by SOB, creating an
extremely corrosive cnvironment, {sce
Figure 21).

- -

. Splashzone _ __

B

Low mater tone
Immered rans
Bed level IS
Oﬂg!nlﬂc&muj
{rm

Figpre 1: Schematic ol ALWC st ating redaticnship of wealia level and dodres ol caosion.

Takert fom Kopezytiski P11 20101,



VIS, NAVEGATTCN, MO

Mdlehers and feftrey found: “The
mereased ocanrrence of ALWC reported

n reeent years is nost likely the resule of

clevated levels of water pollution in the
waters to which the steel prhing has been
exposcd over its litetime, irrespective of
whether water pollution is currently
Jecraasing,™

“A later review ot data from a 27-vear
pernxd related to ALWC concluded that
the severity of ALWC correlated with
the concentration of dissolved inorganie
mitrogen (DINY "2 enitical nutricnt
for microbiological (bacterial) activity
i seawater.” Ttis snggested that this
obscrvation could be used to prediet the
long-tenn risk of ALWCH 1t has also
been reported that protective coatings,
sacriticial anodes or tmpressed current
cathodie protection were cffective in
mitigzating ALWC»

Corrosion of pilings in
freshwater environments

CAceclerated corrosion s been reported
for €S pitmgs in the Duluth-Superior
Harbaur (DS Minnesota, a tresh water
esmary.® DSH pilings that are over 30
vears old are ather compleeely or partally
pertorated by localised corrosion {sce
Cicre 2bY. The corrosion extends from the
air/water mtertace toa depth of about 3
metres, but with deercased attack trom 1.2
to 3 nctres. The position o the air/water
intertace 15 not signincantly intlacneed
by tides. Below 3 anctres where zebra
musscl attachment begins there s little
corrosion. Corroded DSTT pilings have
an orange rusty appearance characterised
by tubereles, dense mounds of corrosion
praducts {sce Figure 3 The average pit
depth, a incasure of tocalised corrosion,
in a three-vear study ranged between
670 micrometres to 788 micrometres,
7-8 pereent of the total thickness of the
coupons. Pit depth vaned wath location
and inercase m pit depth was not linear
over the three-vear exposure.

Mechanisms and mitigation

A 2009 study has demonstrated that
corrosion of carbon steel pihings in DSH
was due to deposition of copper under
tubereles of rron-oxidising bacteria
AOB). TOB oxidise ron and produce
dense deposits of intact and’or partly
decraded remains of bacterial eclls nixed
with amorphous hvdrous forrie oxides. A
walvame couple was established between
the copper laver and the iron substrannm.
In lboratory expenments, the galvanie
arrrent depended on the concentration
of dissolved copper m the lake water®
A recent stady usad genetie technigues
to quanuty the abundanee of 1OB ar
mmltiple sites in the DSH over multiple
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vears. They demonstrated that tubercles
m the DSH were enriched with TOB
compared to the brotilin on adjacent
surlaces. However, long-term corrosion
was not related to TOB abundance or
dissolved copper coneentration ™ Both
studics concluded that a combination

Tl de on catbon sleel exposed in Dutulh Supatior Hatbon belore detty andd afie

of microbiolezical and chemical factors
influcnced the rate of corrosion. An
additional report cvalated coatings tor
DSH pilings over a four-year period.
Some of the coatings provided an
¢ffecuve barrier that prevented mberels
Tormation and NC,
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Diagnosing MIC in harbours

The mvolvament of nicroorsmisins in
the corrosion of CN pilimgs cannot be
surmised by evaluating the morphology
of the localised corrosion. Furthermore
quantification of bacterial tvpes docs
not provide a predictive capabiliey. The
tollowing arc vequired for an acarrarg
dugnosis of MIC: a sample of the corosion
product or attected surtace that has not
been altered by collection or storaze,
wlentification of a corroston micchanism,
wlentitication of microorsanisins capable of
zrovth and maintenance of the corrosion
mechanism in the particular environment,
and demonstration of an association of
the microorgantams with the obscrved

COITOSION

In summary
Caorroston rates tor ALWC and corrosion
m DSH are similare i, 0.3 millunctres
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